IMPORTANCE Arteriovenous fistula (AVF) access improves survival in patients with end-stage renal disease (ESRD) compared with other modalities when used at first hemodialysis. Use varies between locations, but, to our knowledge, no study has related this finding to mortality on a national scale.
I n 2012, the US Renal Data System (USRDS) collected information on 636 905 patients, including 114 813 new patients, receiving various therapies for end-stage renal disease (ESRD). 1 Medicare reimbursement totaled $28.6 billion, representing 5.6% of its total budget. 1 Within the ESRD population, 402 514 patients required hemodialysis. The Fistula First Breakthrough Initiative, now known as Fistula First Catheter Last, established national guidelines in 2005 based on the recommendations of the Dialysis Outcomes Quality Initiative. 2 Fistula-based hemodialysis has been proven to reduce costs 3 and improve survival [4] [5] [6] [7] [8] in several studies. However, the suggested 50% arteriovenous fistula (AVF) access frequency at the incident hemodialysis episode advocated by the Fistula First Catheter Last guidelines has yet to be reached. 9 As of September 2014, a mere 20.3% of patients received their first hemodialysis treatment with an AVF. This finding presents a quality issue. Despite guidelines to the contrary, patients affected by ESRD receive catheters or grafts at a ratio of 4:1 and experience the attendant increased mortality risk. 9 There is significant regional variation in ESRD prevalence by location within the United States, as depicted in a heat map published in the 2014 USRDS Atlas. 1 Therapy also differs; research examining national data gathered in the 1980s, 10 1990s, 11 and early 2000s 12, 13 consistently recognized population density (ie, urban, suburban, or rural) as a driving force behind geographic disparities in AVF construction, among other inequities in ESRD care. Axelrod and coauthors 14 examined the kidney transplant population and defined residence within a referral region delineated by zip code as a unit of analysis. Regions served by a transplant center with highfunctioning care delivery systems demonstrated improved patient survival. To our knowledge, no published work has examined geographic survival trends in the ESRD population undergoing hemodialysis. Identifying high-performing centers is the first step toward improving care delivery. The ESRD Network Programs serve as connections between local services and the federal government 15 ; these networks provide an apropos unit of analysis since they oversee quality of care for patients with ESRD. The present study intended to quantify the frequency with which patients undergo dialysis through an AVF at their first renal replacement therapy categorized by ESRD Network Program. Furthermore, we intended to examine regional mortality hazards. We hypothesized that incident AVF frequency and patient mortality hazard would vary inversely when stratified by ESRD Network Program within the United States. On the basis of these findings, we sought to suggest ways in which patient care may be improved.
Methods
Patients receiving treatment for ESRD between January 1, 2006, and December 31, 2010, as captured in the USRDS database were examined in this analysis. We acquired clearance for analysis of this dataset, as required by the USRDS. 16 carried out to compare patient demographic and medical characteristics between the ESRD Network Programs. Multivariable logistic regression provided factors correlating with a functional AVF used at first hemodialysis when corrected for demographic and comorbidity differences between the ESRD Network Programs. Cox mortality hazard modeling evaluated differences in survival when corrected for demographics and comorbid diseases. Google's GeoMaps tool (Google Inc) was used to create the heat maps. Stata, version 12.1 (StataCorp) was used for all analyses. A value of P < .05 was accepted as significant.
Results

Cohort
From an initial cohort of 562 508 patients, 52 508 were excluded because of missing data, death within 90 days of beginning hemodialysis (43 507 patients), or kidney transplantation within 90 days of ESRD diagnosis (1946) . Sensitivity analyses showed that data were missing at random. The analyzed cohort comprises 464 547 patients. Mean follow-up for this cohort was 1.6 years (range, 0.2-3.0 years), with the final follow-up occurring December 31, 2010. Patient demographics and comorbidities appear in the eTable in the Supplement.
Regional Variation
A heat map depicting functional AVFs at incident hemodialysis for all 18 ESRD Network Programs within the United States appears in Figure 1 . The highest rates of incident AVF use were in Network 1 (New England) and Network 16 (Pacific Northwest): 21.3% and 22.2%, respectively. These rates were double those demonstrated by Florida (Network 7), Texas (Network 14), and Southern California (Network 18), which had the lowest utilization rates, 11.1% (P < .001).
A Cox proportional hazards regression model controlling for age and comorbidities demonstrated a significant difference in mortality hazard between ESRD Network Programs ( Figure 2 
Predictors of AVF Access
A logistic regression model adjusted for age and comorbidities (Table) calculated factors influencing hemodialysis therapy to ogy care demonstrated a significant association with increased odds of incident AVF use, as depicted in Figure 3 . New England (Network 1) demonstrated the highest frequency of nephrology care in the studied patient population (74.3%) and a commensurately high frequency of AVF-based incident hemodialysis access (21.3%). In contrast, New Jersey, Puerto Rico, and the US Virgin Islands (Network 3) demonstrated the lowest frequency of nephrology care (54.0%) and had among the lowest fistula-based incident hemodialysis access frequencies (13.3%).
Congestive heart failure (CHF) and immobility were negative correlates for AVF-based hemodialysis, suggesting a reduction in initiation frequency by approximately half. The presence of CHF seemed to exert a location-dependent influence on AVF use. To better judge this effect, a 4-quadrant plot examining AVF placement in patients with ESRD and CHF by region was created (Figure 4) . The mean CHF frequency in the total cohort of patients with ESRD was 33.6%. The mean frequency for initiating hemodialysis with an AVF for patients with CHF was 11.0%. The ESRD Network Programs with CHF frequencies above the national average demonstrated the initiation of hemodialysis with AVF in low percentages of patients; Illinois (Network 10) is an example. Networks with low CHF and higher-thanaverage AVF initiation, such as the Southwest and Rocky Mountain states (Network 15), appear in the left upper quadrant. The left lower quadrant contains Southern California (Network 18), a region with low CHF frequency but also paradoxically low incident AVF frequency. Finally, the right upper quadrant of the plot, where New England (Network 1) is found, had a high prevalence of CHF in the ESRD population but also a high frequency of functional AVF at first hemodialysis.
Discussion
End-stage renal disease care in the United States is not uniform. Incident hemodialysis access modality varies based on gional system quality and health care expenditures have been shown to lead to disparate treatment for older patients and impoverished patients. In particular, nephrologist involvement, hemodialysis access type, and dialysis discontinuation differ when stratified by local average health care expenditures at the end of life. 23, 24 Findings from our study extend these results and demonstrate that location within the United States affects incident access type and, more important, associated mortality. Functional AVF used by patients on their first renal replacement therapy varied by 100% across ESRD Network Programs (Figure 1) . No region approached the 50% frequency targeted by 2005 Fistula First Catheter Last guidelines; none exceed 22.1%. 2 The interdependence between ESRD Network disease burden, AVF construction, and mortality was not examined statistically, although New England and the Pacific Northwest, regions with the lowest disease prevalence, as depicted in the 2014 USRDS Atlas, 1 demonstrated the highest frequencies of functional incident AVF and were among the regions with the lowest mortality (Figure 4 ). The Northern Midwest Network exhibited high disease burden, 1 average incident functional AVF frequency, and low mortality hazard. Such a finding suggests that ESRD Networkwide systems ensure excellent patient survival despite regional health challenges. Improving access to nephrology care appears to be an instrumental component in successful implementation of Fistula First Catheter Last incident AVF guidelines. Early referral of patients with worsening renal disease to a nephrologist can lead to faster surgical consultation and a higher likelihood of establishing mature permanent dialysis access before hemodialysis is initiated. 25, 26 Our finding that nephrology care is the single most influential factor associated with a patient beginning dialysis via an AVF rather than a catheter (Table) echoes previous work. 6, 27, 28 As demonstrated in Figure 3 , the proportion of patients with access to nephrology care before hemodialysis ranged from approximately 55% to 75% depending on the ESRD Network Program, and was positively associated with a doubling in incident AVF (from 11.1% to 22.2%). This stark effect suggests that the most expedient intervention to improve pre-HD AVF creation will come from aggressively directing patients with declining kidney function to nephrologists. Even the best-performing ESRD Network Programs (ie, New England and the Pacific Northwest) achieved only approximately 75% pre-ESRD nephrology care, representing an excellent opportunity for quality improvement initiatives aimed at increasing incident AVF frequencies toward the 50% Fistula First Catheter Last target. Although consultation with a nephrologist clearly improves AVF-based access at first hemodialysis, the decision to construct an AVF resides with the surgeon. Comorbid diseases figure strongly in preoperative assessments. Historically, CHF was considered an ominous comorbidity in the setting of ESRD, portending increased ventricular strain with augmented venous return postoperatively. [29] [30] [31] In our study, CHF was negatively associated with incident AVF access, confirming that surgical caution regarding postoperative complications resulting from poor cardiac function is needed (Figure 4 ). Certain regions demonstrate high AVF creation frequencies despite high CHF prevalence in their ESRD population; for example, New England had the highest incident AVF frequency and the highest prevalence of patients with ESRD and CHF. New England also had one of the lowest risk-adjusted mortality hazards. These findings suggest that AVF construction is clinically feasible and that the negative bias associated with preoperative CHF is perhaps unfounded. Our previous finding, that 99% of patients initiating hemodialysis with cath- 
Conclusions
There is marked regional variation in functional incident AVF frequency and risk-adjusted ESRD mortality across the United States. No region achieves the 50% target for incident AVF access. This study suggests 2 targets for improving ESRD care delivery. First, nephrologist involvement increases functional incident AVF frequencies logarithmically, highlighting the necessity of a multidisciplinary team approach. Second, AVF construction in patients with ESRD and CHF can be achieved with superior regional mortality outcomes.
